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INTRODUCTION
Socioscientific issues (SSIs) connect science to social and ethical topics in instructional settings (Ekborg, Ideland and Malmberg 2009; AAAS 2011) . Framing microbiology content within SSIs demonstrates application and relevance of content to personal or societal contexts, facilitating students' interest in and accessibility of said content to both majors and non-majors (Hammer and Dusek 2005; Stuckey et al. 2014) . SSIs are richly multidimensional, requiring students to navigate the transdisciplinary nature of microbiology (or any other academic field). Facilitating SSI instruction requires a 'social constructivist' approach (Bingle and Gaskell 1994) , where conflicts between science and society, or different viewpoints, are acknowledged and explored (Ideland, Malmberg and Winberg 2011; Sadler 2011; Simonneaux and Simonneaux 2011) . For microbiology, this means practicing how one can (and cannot) use microbiology or related knowledge (such as medicine) towards a given issue. Pedagogically, SSIs ideally nurture retention of science content, scientific citizenship skills (including critical thinking, decision making and negotiating) and public engagement in social issues related to science (Mejlgaard 2009; Eggert et al. 2013 ). In higher education or social science pedagogical contexts, analogous initiatives are often referred to as 'engaged citizen' (EC) or 'civic engagement' themes (Ehrlich 2000; Hatcher and Bringle 2012) . Viewed from a microbiology instructor's perspective, EC themes are often functionally synonymous with SSIs.
Infectious diseases can be vehicles for exploring SSIs in microbiology-based courses because of their scientific, social and ethical dimensions (Lundström, Ekborg and Ideland 2012; Senchina 2016 ). More specifically, historical disease outbreaks do not carry the immediacy or personal impact that a current event does, allowing students to engage with the topic in a more detached manner. Teaching infectious diseases with this method promotes cross-curricular instruction and is consistent with current best practices in professional development (Gray and Bryce 2006; Hofstein, Eilks and Bybee 2011) . This article describes how an undergraduate course on the history of infectious diseases was modified to explore the impact of two EC themes (poverty and technology), and to consider the ramifications of those themes on past, present and future infectious disease outbreaks. (The term 'outbreak' is used to represent all disease occurrences encircled by the class because the majority fit that definition.) Examples and models presented herein are not intended to be prescriptive, but are instead demonstrations that instructors can potentially distill into ideas for their own courses.
Context and course structure
Drake University initiated a novel, university-wide general education curriculum component in 2007 named the EC initiative. Courses offered beneath the EC designation explore the relationship between one or more academic fields and a global issue or theme by blending discipline-specific content with cocurricular content, ways of thinking or skills helpful in public application of the discipline(s). A new EC theme is announced annually, and all courses offered that year should align with the theme. Past themes included 'making democracy work ' (2016 and 2008) , 'economic inequality and social responsibility' (2014), 'technology and democracy: dialogue and dissent ' (2012) and 'religion, reason, and the republic ' (2010) .
The Biology Department responded with two different offerings: recalibration of a pre-existing course Biology 108 'Emerging Infectious Diseases' (Senchina 2016) , and the development of a new course on the history of infectious diseases, INTD 87 'Disease, Dialogue, and Democracy' (Drake University uses the catalogue designator 'INTD' for 'interdisciplinary' courses; while the first and foremost focus of INTD 87 is microbiology, it is inherently interdisciplinary, hence the INTD designation). As its name suggests, INTD 87 was originally conceived as a one-off course to meet the aforementioned 2008 theme; serendipitously, as subsequent EC themes emerged, it became apparent that with nominal adjustments in lessons and assignments, INTD 87 could be alchemized to support other EC themes. The design of INTD 87 is recounted elsewhere (Senchina 2010) and will be only summarized here.
INTD 87 is structured around four historical disease outbreaks (1350s plague, 1840s puerperal fever, 1850s cholera, 20th century syphilis; the curricular 'core') and a contemporary outbreak that varies each semester per current events (Table 1) . The puerperal fever, cholera and syphilis outbreaks are taught as full-fledged multi-week 'main units', whereas the plague and contemporary outbreaks are taught as one-week 'mini-units' sandwiching the main units. Students are responsible for daily readings from three trade books corresponding to each of the three main units (Jones 1993; Nuland 2003; Johnson 2006 ) before most class periods, with a given day's text usually serving as the foundation for that lesson. For the plague outbreak, students take notes and answer scripted questions on a DVD documentary (The Plague 2006). Appendix S1 (Supporting Information) provides course demographics, a sample schedule, chapter-by-chapter summaries for the three texts corresponding to the three main units, and focus questions for the DVD.
Daily lessons vary in content and structure. The medical microbiology aspects of the disease, including pathogen characteristics with taxonomy, transmission, symptoms, treatment, prevention and control (Table 1) , are the ballast for each outbreak. Instruction on these aspects always occurs at the beginning of a unit. Other lessons at the beginning of a unit establish social contexts for the outbreak, considering societal structures such as job or socioeconomic classes, government types or timespecific scientific knowledge. After the initial instructional periods, the majority of the remaining days with a given book are spent exploring or comparing/contrasting ECs/SSIs through the lens of each outbreak.
While Model and example applications using technology and poverty as themes INTD 87 was modified to address technology and poverty EC themes in 2012 and 2014, respectively. Both offerings followed the aforementioned sequence of core outbreaks. Microbiology instruction (per Table 1 ) undergirded each outbreak, with EC/SSI themes being supported by the microbiology content. Microbiology instruction took the form of an interactive lecture with students based on their pre-existing knowledge of each disease.
Using the core outbreaks (Table 1) , references to the roles of technology (Table 2 ) and poverty (Table 3) were proactively identified from the three texts on puerperal fever, cholera and syphilis prior to the teaching of each outbreak. Text passages formed the starting points for specific EC/SSI lessons. Lessons were addressed in the order presented by each book's author, typically in a chapter-by-chapter fashion as this provided concordance with students' assigned reading schedules. Since the plague outbreak constituted a shorter mini-unit, it was handled differently from the three texts and is discussed separately in Appendix S1.
Previously, Ekborg, Ideland and Malmberg (2009) proposed a formal model for structuring SSI lessons in science courses, explained more fully in Appendix S1. While the model worked well for the sister EC course mentioned earlier (Senchina 2016) , and for the last two weeks of INTD 87 when contemporary disease outbreaks were being explored, it did not work well with the core historical disease outbreaks that constitute the mainstay of INTD 87. One reason is that historical disease outbreaks are 'resolved' and all analyses are retrospective. Another reason is that students are not directly impacted, and there is nothing to be acted upon to change the historical outcome. Jones (1993, 0-02-916676-4) and Nuland (2003, 0-393-05299-0 41-42, 61-62 21, 37-38 34, 38, 51, 64-65,146, 233 31, 35-37, 161-162, 201 12-13, 193 31-32, 85 This lack-of-fit necessitated development of an alternate model for INTD 87 for exploring historical disease outbreaks/SSIs with a contemporary lens (Fig. 1) . Like the previous model, there is a starting point (an event or observation from each chapter). Unlike the previous model, the starting point differs in two ways: first, it is not a question or problem to solve, but instead an historical occurrence to be analyzed retrospectively; second, it comes after microbiology and social context instruction. Ensuing classwork (in-class activities and discussions) facilitates students' exploration of the occurrence in two ways: by considering scientific and social factors associated with that occurrence playing out as it did and by applying the knowledge they gained from the aforementioned instructional periods (combined with content from other courses or Fig. 1 does not require they be conceived of or treated separately. Conflicts of interest are considered concomitantly with the social and scientific factors, both those conflicts known to be held by parties involved in the historical outbreak (or reasonably presumed based on historical evidence) and those biases or knowledge that a contemporary observer may bring to their interpretation of the history. Finally, the historical outbreak is extended to a contemporary parallel. Though last in sequence, the extension is the lynchpin in terms of INTD 87 and the EC curriculum, and can itself serve as a starting point for another lesson.
Working through a single SSI chain could take one or multiple class periods. As the semester progresses chains may start to overlap as students (either naturally or through the instructor's prompting) weave a complex tapestry from different chains, and comparisons across outbreaks become possible (because EC/SSIs theme recur across outbreaks). Some SSI chains require additional microbiology or social context instruction as they are developing; sometimes the instructor can be prescient of those needs and other times the need arises unexpectedly. The nature of SSIs is that there is no 'one right answer' with the emphasis instead being on students' critical evaluation of myriad science and social factors bearing on a single SSI. SSI exploration is best nurtured organically; consequently, the exploration unfolds differently each semester.
Technology theme
For INTD 87, the term 'technology' was applied liberally, encompassing microbiological, other scientific and non-scientific technologies. Text excerpts that were used as starting points are shown in Table 2 . Microscopy provides an archetypical example-for 1350s plague, microscopy had not yet been invented; for 1840s Vienna puerperal fever, new compound microscopes with achromatic lenses had recently been invented, but were spurned by some clinicians; for 1850s London cholera, microscopes were used but the bacterium was not detected (contemporaneously, the Italian Pacini had discovered the bacterium, but his work went largely unread); and by the time of the Tuskegee experiment microscopy was standard practice. Discussions and activities were structured to help students explore the interrelatedness of technologies to each other, microbiology and other sciences. Returning to microscopy as an example: although 'animalcules' (Leeuwenhoek), 'little animals' (Kircher) and 'seminaria' (Fracastro) had been suggested prior to the 1800s, it was not until technological advances in microscopy and discoveries by scientists like Koch and Pasteur that the germ theory of disease was widely accepted; this in turn clarified our understanding of disease transmission (and debunked previously indomitable transmission myths such as miasma), and scythed pathways for the development of better treatments and prevention strategies, including antibiotics and vaccines. Social elements are drawn into the SSI exploration through considerations of how technology was/was not used, understood or disseminated (including ethical or sociopolitical dimensions). Example activities, plus more information concerning technology in the texts, are provided in Appendix S2 (Supporting Information).
Poverty theme
Reconfiguring INTD 87 for the poverty theme required a more indirect approach, using conduits such as healthcare access or disease exposure risk factors to link microbiology to poverty. Each of the core outbreaks afflicted an impoverished population more than other populations (Table 3) -for 1350s plague, the peasants; for 1840s Vienna puerperal fever, women who could not afford in-home midwifes during childbirth; for 1850s London, the 'poor'; and for 1930s-1970s Tuskegee experiment, rural African-Americans who often worked as sharecroppers with fewer opportunities for education. Impoverished populations' living or occupational conditions, education, nutrition and other factors impacted on pathogen exposure and consequent disease burden. Social standing influenced how people perceived and responded to infectious disease outbreaks among lower Table 4 . Student performance on selected final examination items. Final examinations from the 2012, 2014 and 2016 semesters were available for analysis. Questions were each worth five points, were not announced in advance and varied semester to semester based on the EC/SSI themes. Items 1-3 are representative microbiology-associated questions from the core outbreaks for INTD 87 and thus appeared on every final examination. For each disease, students were asked to state the microbial cause, transmission, symptoms, treatment, and prevention and control of each disease. Items 4-5 are representative EC/SSI theme-associated questions. The poverty question appeared on the 2014 and 2016 examination, whereas the technology question appeared only on the 2012 examination. Additional commentary on this data is provided in Appendix S4.
Exam question (in brief)
Number of semesters used Students who responded / total number of students who had the option of responding Score (average ± standard deviation) Table 5 . Student responses to two course assessment items pertaining to course pedagogy. n indicates the total number of responses to the question overall. There were three response categories: 'favorable' if the student reported good integration or that the course was interdisciplinary, respectively; 'neutral' if the student provided both a positive and negative comment, or if the comment was neither; and 'unfavorable' if the student reported weak or non-existent integration and that the course was not interdisciplinary, respectively. Neutral = 1 Neutral = 3 Neutral = 2 Neutral = 0 Unfavorable = 0 Unfavorable = 1 Unfavorable = 1 Unfavorable = 0 socioeconomic classes. Example activities, plus more information concerning poverty in the texts, are provided in Appendix S3 (Supporting Information). Considering the poverty theme together with the technology theme shows how SSIs intermingled in historical disease contexts-for example, hospitals established for the poor in early nineteenth century Vienna (puerperal fever outbreak) were motivated by a sense of social responsibility to underserved populations, but without the germ theory of disease to motivate best practice, they often became disease transmission epicenters.
Student assessment and course feedback
Students were assessed across the semester through 20 in-class tasks plus a cumulative final examination, with 235 points being available across the semester. Appendix S4 (Supporting Information) contains more information on the in-class assessments. The final examination consisted of 12 open-response essay questions each valued at five points, of which students were asked to select and respond to 7 (for a possible total 35 points). Student performance on three microbiology-focused and two EC/SSI-focused example questions and additional information on the examination are presented in Table 4 , with additional commentary in Appendix S4. Permission to use student examination data for the purposes of this manuscript, alongside the student course evaluations described below, was granted by the Drake University Institutional Review Board (IRB ID 2015-16049) . Students provided feedback on the course through either anonymous paper (2008, 2010) or online (2012, 2014, 2016) general course assessments used for multiple courses. Information on students' perception of the microbiology, EC or SSI content of the course was not specifically solicited because this manuscript was not foreseen at the time the courses were taught. Nonetheless, student responses frequently included unprompted references to those elements; thus, exploring their comments may serve as a proxy for gauging students' perceptions of those elements in INTD 87. Five survey items were identified that may provide insight. Response rates, example student responses and a discussion of the limitations of these assessment methods are given in Appendix S5 (Supporting Information).
Two questions asked about specific pedagogical aspects of the class (Table 5 ). Responses were mostly favorable. Appendix S5 gives a further breakdown of Table 5 .
Two questions asked about the course generally ('what aspects of the course were most beneficial' and 'what could be improved'). Of the 140 responses to 'What aspects of this course were most beneficial to you?', students sometimes answered by discussing the content and other times by discussing instructional techniques, and sometimes mentioned one or more specific examples from either or both categories. Regarding content, 51 students (36%) mentioned microbiology or associated content (such as medical concepts or terminology), 31 (22%) mentioned 'social' content (economics, government, sociology) and 21 (15%) mentioned history. Regarding instructional techniques, 42 (30%) cited discussions, 41 (29%) cited in-class activities, 31 (22%) cited the book and 11 (8%) cited the lectures. Students saw the microbiology content as the most beneficial of all the different content types, yet the lectures (where the microbiology content was most concentrated) were the least-mentioned beneficial instructional technique, suggesting that students correctly perceived the microbiology content was infused throughout the course. Of the 136 responses to 'What do you suggest to improve this course?', student responses could again be partitioned into content and technique categories. Regarding content, 17 students (13%) suggested more or more diverse microbiology content. All other responses were infrequent. Regarding instructional techniques, students suggested changes to the books (30 students, 22%), discussion (usually requesting more; 16, 12%), in-class activities (11, 8%) or lectures (8, 6%). Forty two (31%) stated they had no suggestions for improvement.
Lastly, students were asked: 'Please comment on what you feel you accomplished in this course'. Of the 139 students who responded, 133 were able to identify something they accomplished whereas 6 indicated that they either accomplished nothing or accomplished something unrelated to the course proper. The most common item mentioned was enhanced understanding of microbiology/medical content (108 students, or 78%), followed by enhanced understanding of 'social factors' impacting on disease such as economics or politics (73, 53%), and history (41, 29%), developing new or refining ways of critical or analytical thinking (24, 17%), and better understanding of the nature of science (10, 7%).
Transferability and applications
Microbiology impacts many facets of society, and there are multiple types of microbiology courses that could be linked with multiple types of EC/SSI themes. There is nothing 'magical' about this particular course or the specific EC/SSI themes presented here; contrarily, the goals of this paper were to (i) share a novel model so other microbiology instructors might envision possible adjustments to their own microbiology courses, and to (ii) provide an alternative way of thinking about microbiology pedagogy.
Microbiology instructors have multiple options for transferring principles from this course to other contexts. One need not develop an entirely new course, or deploy everything presented here wholesale. Suggestions from Appendices S2 and S3 could easily be deployed as stand-alone devices, case studies or mini-units for pre-existing medical microbiology courses. Countless trade books on other historical or contemporary disease outbreaks are available and could be used as alternatives to the texts presented here (Appendix S6, Supporting Information). The SSI-enriched approach is applicable to other fields of microbiology beyond medical microbiology such as biotechnology (Davies and Wolf-Phillips 2006) , genetics (Felt et al. 2009 ), microbial ecology (Barberán et al. 2016) , nanotechnology (Delgado, Kjølberg and Wickson 2011), neuroscience interfacing with microbiology (Esteban and Holloway 2015) and synthetic biology (Slegers 2014) . For instructors teaching a more generalized course on microbiology, the Johnson (2006) text could be used in isolation to show the interrelatedness of medical microbiology with other microbiology subdisciplines including microbial ecology (chapters 1 and 2) and microbial genetics (chapter 2).
Other models similar in spirit to INTD 87 have been previously published, such as fictitious disease outbreaks (Verran et al. 2014; Schneider 2016) or simulated disease outbreaks (Pogreba-Brown, Ernst and Harris 2012; Rega and Fink 2014) in which students can role-play/represent different constituents involved in disease outbreaks (such as microbiologists, epidemiologists or health departments) and reflect on implications for contemporary scenarios.
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